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(g) TDMA on a cellular communications system PCM link. 

@ A cellular radio system, having a mobile ser- 
vices switching center (MSC) coupled to a base 
station by means of a pulse code modulation 
(PCM) link, has an apparatus comprising, in the 
MSC, a transcoder and rate adaptor (TRA) that 
generates a PCM frame from a plurality of user 
data blocks, each user data block correspond- 
ing to one of a plurality of users and each user 
data block comprising an integer number of 
bytes of data. In the PCM frame, each of the 
plurality of user data blocks occupies an integer 
number of consecutive bytes of the generated 
PCM frame, which is then output to the PCM 
link. The base station includes a channel en- 
coder that generates an air interface frame from 
a plurality of user data blocks contained in a 
received PCM frame. The base station may also 
generate a timing control signal which is re- 
ceived by the MSC. A timing controller in the 
MSC is responsive to the received timing con- 
trol signal, and causes the TRA to synchronize 
output of a generated PCM frame with gener- 
ation of an air interface frame such that the 
generated PCM frame will arrive at the base 
station channel encoder substantially just at a 
moment when the generated PCM frame is 
needed by the channel encoder in order to 
generate the air interface frame without waiting 
for the generated PCM frame. 
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BACKGROUND 

The present invention relates to radiotelephone 
communication systems and more particularly to a 
method and apparatus for reducing the delay in trans- 5 
mitting a block of speech to a mobile station, the delay 
being associated with the use of time division multiple 
access transmission of speech parameters on a pulse 
code modulation link between a mobile services 
switching center and a base station. 1 o 

A cellular telephone communications system may 
include elements as shown in FIG. 1 . Within the Pub- 
lic Land Mobile Network (PLMN) 100, a base station 
(BS) 103 is connected to a mobil services switching 
center (MSC) 101 by means of a first Pulse Code 15 
Modulation (PCM) link 1 07. The MSC is then linked to 
a Public Switched Telephone Network (PSTN) 115 by 
means of a second PCM link 113. 

The MSC 101 has a Group Switch (GS) 111 for 
properly routing speech between the PSTN 115 and 20 
the appropriate base station 103. The MSC 101 also 
includes a Transcoder and Rate Adaptor (TRA) 109 
which performs speech coding/decoding (data com- 
pression/ 

expansion) and data rate adaptation of the speech 25 
signals that flow between the PSTN 115 and the base 
station 103. In operation, speech received by the 
MSC 101 via the second PCM link 113 is first com- 
pressed by the TRA 1 09, and then transmitted to the 
base station 103 by means of the first PCM link 107. 30 
This transmission preferably uses the error detection 
and handling mechanisms disclosed by commonly 
owned U.S. Patent Application No. 

, entitled "PCM LINK FAULT DETECTION AND 
LOST BLOCK HANDLING" by A. Molin et al. t filed on 35 
July 2, 1993, the entire disclosure of which is hereby 
incorporated by reference. After it is received by the 
base station 103, the encoded speech is relayed to a 
mobile station (MS) 105. A speech coder-decoder 
(codec) (not shown) inside the mobile station 105 de- 40 
codes the received speech parameters as part of the 
process of generating audible speech. 

A similar set of operations takes place in the op- 
posite direction. That is, speech originating in the mo- 
bile station 1 05 is encoded by the codec (not shown) 45 
located In the mobile station 105, and then transmit- 
ted to the base station 103. The encoded speech is 
then relayed, by means of the first PCM link 107, to 
the MSC 101. Inside the MSC 101, the encoded 
speech is decoded by the TRA 1 09, and then forward- 50 
ed to the PSTN 115 by means of the GS 111 and the 
second PCM link 113. 

The first PCM link 107 transmits data at a rate of 
64 kilobits per second (kbit/s). However, this capacity 
is effectively increased by the fact that the speech be- 55 
ing conveyed is compressed (i.e. encoded) as descri- 
bed above. The type of compression which is used in 
cellular telephone systems, such as the European 
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Global System for Mobile Communication (GSM) or 
the American Digital Cellular (ADC) system, permits 
the 64 kbit/s connection to be shared by more than 
one voice and/or data channels (four channels for 
GSM, and three channels for ADC). It should be noted 
that this sharing is not possible on the second PCM 
link 113, which connects the PLMN 100 with the 
PSTN 115, because the signals conveyed on this link 
are not compressed. In practice, the MSC 1 01 is con- 
nected to multiple second PCM links 113, so that the 
MSC 101 may handle more than one connection at a 
time. 

To understand the problem with the existing sys- 
tem, it is necessary to know how speech is encod- 
ed/decoded, how encoded speech/data from more 
than one connection is formatted for transmission on 
the first PCM link 107, and how encoded speech/ 
data from more than one connection is formatted for 
transmission from the base station 103 to the mobile 
station 105. These topics will now be briefly dis- 
cussed. 

The TRA 109 collects 160 samples from each 20 
ms of speech arriving from the PSTN 115 by means 
of the second PCM link 113. After the entire block of 
160 speech samples has been collected, it is then 
processed and output from the TRA 109 as encoded 
speech. When an entire block of encoded speech has 
been collected, it is available for transmission to the 
base station 103 by means of the first PCM link 107. 
A block of encoded data consists of at least 159 bits 
of speech parameters. 

As previously stated, the compression (encoding) 
of speech effectively increases the capacity of the 
first PCM link 107, so that it may be shared by more 
than one connection at a time. In known systems, 
such as GSM, this has been accomplished by format- 
ting transmitted data as shown in FIG. 2. For every 
byte (8 bits) 201 of transmitted data, each of four 
users is allocated 2 bits. As illustrated in FIG. 2, User 

1 transmits 2 bits of encoded speech and/or control 
data in bits B0 and B1 , User 2 transmits 2 bits of en- 
coded speech and/or control data in bits B2 and B3, 
User 3 transmits 2 bits of encoded speech and/or 
control data in bits B4 and B5, and User 4 transmits 

2 bits of encoded speech and/or control data in bits 
B6 and B7. Then, the process starts all over again, 
with User 1 transmitting the next 2 bit of encoded data 
and/or control data in bits B0 and B1, and so forth. 

At the base station 103, data from the first PCM 
link 107 is collected until a complete block of encoded 
speech and/or data has been accumulated. The en- 
coded speech portion of a complete block is 20 bytes 
long in the American PCM system (DAMPS), and 260 
bits (33 whole bytes) in the European GSM system. 
Then, the complete block of encoded speech or data 
is processed by a channel codec 11 7 which adds data 
for error detection and correction, and then reformats 
the data into the format shown in FIG. 3. This format, 
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shown in FIG. 3, is used for transmitting data over the 
"air interface," that is, from the base station 1 03 to the 
mobile station 105. As illustrated, the air interface of 
known mobile telephone communications systems is 
oriented around 20 ms frames 301 , each of which can 5 
be shared by three users. In the example shown, User 
1 transmits 324 bits of its data (including 312 bits rep- 
resenting information of some kind) during the first 
6.67 ms 303 of the air interface frame 301, User 2 
transmits its data during the second 6.67 ms 305 of 10 
the frame 301, and User 3 transmits its data during 
the third 6.67 ms 307 of the frame 301 . Then the proc- 
ess is repeated for the next air interface frame 301. 
This method of sharing the use of a single resource 
(i.e., the air interface frame) is commonly referred to 15 
as Time Division Multiple Access (TDMA), and is well 
known in the art. 

The problem with the aforementioned system will 
now be presented. As described above, each of the 
TRA 109 and the channel codec 117 needs a com- 20 
plete block of data before any processing (i.e., data 
compression/expansion or reformatting) can be per- 
formed. It follows, then, that a complete block of data 
must be received from the first PCM link 107 before 
any of it can be processed. This introduces a delay 25 
equal to the transfer time for a complete block. This 
transfer time delay may be expressed as: 
delay = number of bits in block / channel capacity 
(D 

Equation (1) represents the delay that occurs 30 
when transmitting data in either direction between 
the PSTN 115 and the mobile station 105. In practice, 
a block of data consists of at least 1 59 bits of speech 
parameters, and more realistically may be 260 bits of 
user data plus approximately 32 bits of data for ad- 35 
dressing and protection against errors on the PCM 
link. Also, for a connection with a nominal channel ca- 
pacity of 64 kbit/s, the use of the channel formatting 
scheme shown in FIG. 2, in which a 64 kbit/s connec- 
tion is shared by four multiplexed voice channels, re- 40 
suits in an effective channel capacity equal to 1/4 x 
64 kbit/s = 16 kbit/s for each user. Consequently, the 
transfer delay in each direction may be computed to 
be between 159/16000 = 9.94 ms and 292/16000 = 
18.25 ms. 45 

Digital mobile telephony has quite long "built in" 
delays resulting from speech coding, channel coding, 
interleaving, and calculation times. The introduction 
of an extra delay for transfer of data from the TRA 1 09 
to the base station 103 may lead to inconvenience so 
when using the system, because the total delay ex- 
ceeds what is acceptable. 

Another drawback with the prior known system is 
the fact that if it is desired to multiplex a number of 
users that is not evenly divisible into 8 (since multi- 55 
plexing is performed on a byte-by-byte basis), trans- 
mission capacity of the first PCM link 107 is wasted. 



SUMMARY 

It is therefore an object of the present invention 
to provide a method and apparatus that reduces the 
delays that result from the use of TDMA on the first 
PCM link 107. 

It is another object of the present invention to pro- 
vide a method and apparatus which permits multi- 
plexing on the first PCM link 107 without wasting 
transmission capacity if the number of users is not 
evenly divisible into 8. 

In accordance with one aspect of the present in- 
vention, the foregoing and other objects are achieved 
in a cellular radio system having switch means cou- 
pled to a base station by means of a pulse code mod- 
ulation (PCM) link, by providing an apparatus com- 
prising in the switch means, input means for inputting 
a plurality of user data blocks, each of the plurality of 
user data blocks corresponding to one of a plurality of 
users, and each user data block comprising an integer 
number of bytes of data; and formatting means, cou- 
pled to the input means and to a first end of the PCM 
link, for generating a PCM frame from the plurality of 
user data blocks, wherein each of the plurality of user 
data blocks occupies an integer number of consecu- 
tive bytes of the generated PCM frame. The base sta- 
tion, is provided with input means, coupled to a sec- 
ond end of the PCM link, for receiving a PCM frame; 
and channel encoding means, coupled to the input 
means, for generating an air interface frame from a 
plurality of user data blocks contained in a received 
PCM frame. Because each of the plurality of user 
data blocks occupies an integer number of consecu- 
tive bytes of the generated PCM frame, the user data 
block may be transmitted at the nominal channel ca- 
pacity of the PCM link. 

In yet another aspect of the invention, the base 
station has means for generating a timing control sig- 
nal, and the switch means has input means for receiv- 
ing the timing control signal. The switch means also 
has timing control means, coupled to the input means 
and to the formatting means, and responsive to the 
timing control signal for causing the formatting 
means to synchronize output of a generated PCM 
frame with generation of an air interface frame such 
that the generated PCM frame will arrive at the base 
station channel encoding means substantially just at 
a moment when the generated PCM frame is needed 
by the channel encoding means in order to generate 
the air interface frame without waiting for the gener- 
ated PCM frame, v 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects and advantages of the invention will 
be understood by reading the following detailed de- 
scription in conjunction with the drawings in which: 

FIG. 1 is a block diagram of a cellular telephone 
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communications systems including a first PCM 
link between a base station and a mobile servic- 
es switching center including a transcoder and 
rate adapter; 

FIG. 2 is a diagram of a data format from an ex- 
isting system for multiplexing connections on a 
PCM link; 

FIG. 3 is a diagram of the format that is used for 
transmitting data from the base station 103 to the 
mobile station 105; 

FIG. 4 is a diagram of a PCM frame format in ac- 
cordance with the present invention; 
FIG. 5 is a diagram of a PCM frame formatted to 
accommodate 3 multiplexed users in accordance 
with the present invention; and 
FIG. 6 is a block diagram of a mobile telephone 
communications system in which multiplexing on 
the PCM link is coordinated with multiplexing on 
the air interface so that, in accordance with an- 
other aspect of the present invention, no further 
delay is introduced. 

DETAILED DESCRIPTION 

A preferred embodiment of the present invention 
for reducing delay times caused by time sharing of a 
PCM link in a mobile telephone communications sys- 
tem will now be described. 

Referring now to FIG. 4, a PCM frame 401 of data 
bytes is shown. The size of the PCM frame 401 is the 
same as that used for transmitting data over the first 
PCM link 107 in the known systems. However, in ac- 
cordance with the present invention, a different 
scheme for sharing the channel capacity among mul- 
tiple users of the first PCM link 107 is used. As ex- 
plained above, prior methods required users to multi- 
plex their access to the first PCM link 107 on a byte- 
by-byte basis. Thus, where four users shared the first 
PCM link 107, each user could transmit only two bits 
for every 8 bits transmitted on the first PCM link 107. 
According to the present invention, this is no longer 
the case. Instead, each user is permitted to transmit 
uninterrupted data in consecutive bytes until a com- 
plete block of data has been sent Because the block 
of data is defined to be smaller than the size of the 
PCM frame 401, this same activity can be repeated 
for other users. For example, as shown in FIG. 4, a 
block of user 1 data 403 is transmitted as the first x 
bytes in the PCM frame 401. Next, a block of user 2 
data 405 parameter and/or control data is transmitted 
as the second x bytes in the PCM frame 401. This 
process continues until a block of user n data 407 is 
transmitted as the last x bytes in the PCM frame 401 . 
This technique is then repeated for the next PCM 
frame 401 to be transmitted on the first PCM link 1 07. 

Where the first PCM link 107 is capable of trans- 
mitting data at the rate of 64 kbit/s, the present inven- 
tion provides the advantage that the first PCM link 



1 07 may be shared by multiple users without degrad- 
ing the rate at which each block of user data is trans- 
mitted. This is because the multiplexing occurs on a 
block-by-block basis, rather than on a byte-by-byte 

5 basis. For example, if a block is defined as 159 bits 
of data, these bits will be transmitted, uninterrupted, 
at the rate of 64 kbit/s, so that the total transmission 
time is 2.48 ms instead of the 9.94 ms required in the 
previous system. The reduction is even greater when 

10 the block size is defined to be a larger amount. For ex- 
ample, a block of 292 bits will be transmitted in 
292/64000 = 4.56 ms instead of the 18.25 ms previ- 
ously calculated for the prior art system. The round 
trip savings in this example is therefore 18.25 x 2 - 

15 4.56 x 2 = 27.4 ms. 

Referring now to FIG. 5, a more detailed descrip- 
tion of the preferred embodiment of the invention is 
shown. In this embodiment, each PCM frame 501 of 
data contains 160 bytes of data which, at the trans- 

20 mission rate of 64 kbit/s, can be transmitted over the 
first PCM link 107 in 20 ms. Each block of samples is 
defined to be 53 bytes long, so that the 160 byte PCM 
frame 501 can be shared by three users. If a user 
transmits fewer than 53 bytes of valid data, the re- 

25 maining space is occupied by "dummy" bytes to fill out 
the allocated time slot As shown, a block of user 1 
data 503 is transferred in the first part of the PCM 
frame 501 , followed by a block of user 2 data 505, and 
then a block of user 3 data 507. As only 159 bytes of 

30 data out of the 1 60 bytes available in the PCM frame 
501 are allocated to carry user blocks, an extra byte 
509 exists. In the preferred embodiment, the extra 
byte 509 is used to make it possible to adjust for bit- 
slips between the transmitter and receiver timing, 

35 when using unsynchronized clocks, without losing 
any data. That is, when it is necessary to adjust the 
transmission timing of the PCM frame 501, the extra 
byte 509 may be eliminated (i.e., not transmitted) in 
order to advance the transmission of the remaining 

40 bytes in the PCM frame 501 without losing any valid 
data. The transfer time for each block of samples in 
this embodiment of the invention can easily be calcu- 
lated as follows. Each block has a length of 53 bytes 
x 8 bits/byte = 424 bits. Therefore, 424/64000 = 6.63 

45 ms are required to transfer each block of samples, 
compared to 424/(64000/3) = 19.9 ms required when 
using the method of the previously known system. 

Another aspect of the present invention takes ad- 
vantage of the fact that both the PCM frame 501 and 

so the air interface frame 301 are shared by three users. 
Referring now to FIG. 6, an MSC 601 is connected to 
a base station 603 by means of a first PCM link 607. 
The MSC 601 is also connected to a PSTN 615 by 
means of 3 second PCM links 613, each of which car- 

55 ries one communication channel. The MSC 601 is de- 
signed to compress (encode) the speech received 
from the 3 second PCM links 613, and to transmit 
them to the base station 603 in the form of a PCM 
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frame 501 as described above. In addition, the base 
station 603 contains a reference clock 61 9 which con- 
trols the timing of the channel coder 617. Further- 
more, a control signal 621, conveying information 
about the time difference between the input to the 5 
first PCM link 607 and the control timing for the air in- 
terface 627, is sent to the MSC 601. The control sig- 
nal 621 is then input into control logic 623 which, in 
response to the control signal 621, causes the data 
being transmitted from the MSC 601 to the base sta- 10 
tion 603 by means of the first PCM link 607 to be syn- 
chronized in such a way that it arrives at the channel 
codec 617 substantially just at the moment when it is 
needed, so that it can be made available for transmis- 
sion in the corresponding air interface slot without in- 1 5 
troducing any further transfer delays. The design of 
an appropriate reference clock 61 9, control signal 621 
and control logic 623 may easily be performed by one 
skilled in the art, and is not described here in great de- 
tail. Such a design may be based on measurements 20 
of how long it takes a PCM frame 501 to arrive at the 
base station 603 from the MSC 601, and knowledge 
of when the PCM frame 501 needs to arrive in order 
to be available at the channel coder 617 for introduc- 
tion into the air Interface during the next slot. An ap- 25 
propriate control signal 621 can then be sent to the 
MSC 601. The control signal 621 may be sent as a 
signal that shares the PCM link bandwidth with en- 
coded speech. 

The invention has been described with reference 30 
to a particular embodiment. However, it will be readily 
apparent to those skilled in the art that it is possible 
to embody the invention in specific forms other than 
those of the preferred embodiment described above. 
This may be done without departing from the spirit of 35 
the invention. The preferred embodiment is merely il- 
lustrative and should not be considered restrictive in 
any way. For example, although the above descrip- 
tion illustrates a particular embodiment which per- 
mits three users to share the first PCM link 1 07 with- 40 
out introducing further delay into the system, the in- 
ventive principles involved can be adopted to almost 
any number of users. Similarly, the channel capacity 
of the first PCM link 107 has illustratively been descri- 
bed as 64 kbit/s. However, the inventive concepts 45 
presented here may be equally applied to other PCM 
link bit rates, and may also be applied to the American 
PCM system, in which each byte transmitted on the 
PCM link comprises seven bits of user data and one 
bit that is used for channel associated signalling, so 50 
that a nominal 64 kbit/s channel has an effective data 
handling capacity of 56 kbit/s. Also, the first PCM link 
107 is shown connecting the MSC 101 and the base 
station 103. However, it will be readily apparent to 
those skilled in the art that the inventive concepts de- ss 
scribed above are applicable in other cellular radio 
system configurations in which PCM channels are 
time shared. For example, the PCM link may connect 



a base station controller, serving more than one user, 
and a base station transceiver. Thus, the scope of the 
invention is given by the appended claims, rather 
than the preceding description, and all variations and 
equivalents which fall within the range of the claims 
are intended to be embraced therein. 



Claims 

1. In a cellular radio system having switch means 
coupled to a base station by means of a pulse 
code modulation (PCM) link, an apparatus com- 
prising: 

in the switch means, 

input means for inputting a plurality 
of user data blocks, each of the plurality of user 
data blocks corresponding to one of a plurality of 
users, and each user data block comprising an in- 
teger number of bytes of data; and 

formatting means, coupled to the 
input means and to a first end of the PCM link, for 
generating a PCM frame from the plurality of user 
data blocks, wherein each of the plurality of user 
data blocks occupies an integer number of con- 
secutive bytes of the generated PCM frame; and 
in the base station, 

input means, coupled to a second 
end of the PCM link, for receiving a PCM frame; 
and 

channel encoding means, coupled 
to the input means, for generating an air interface 
frame from a plurality of user data blocks con- 
tained in a received PCM frame. 

2. An apparatus according to claim 1, wherein the 
PCM frame comprises at least one user data 
block and one adjustment byte for adjustment of 
transmitter and receiver timing when respective 
clocks of the switch means and the base station 
are not fully synchronized with one another. 

3. An apparatus according to claim 1 , further com- 
prising: 

in the base station, means for generating 
a timing control signal; and 

in the switch means, 

input means for receiving the timing 
control signal; and 

timing control means, coupled to 
the input means and to the formatting means, 
and responsive to the timing control signal for 
causing the formatting means to synchronize out- 
put of a generated PCM frame with generation of 
an air interface frame such that the generated 
PCM frame will arrive at the base station channel 
encoding means substantially just at a moment 
when the generated PCM frame is needed by the 
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channel encoding means in order to generate the 
air interface frame without waiting for the gener- 
ated PCM frame. 

4. An apparatus according to claim 3, wherein the 5 
PCM frame comprises at least one user data 
block and one adjustment byte for adjustment of 
transmitter and receiver timing when respective 
clocks of the switch means and the base station 

are not synchronized with one another. 10 

5. The apparatus according to claim 1 , wherein the 
PCM link operates at a rate of 64 kbit/s. 

6. In a cellular radio system having switch means 15 
coupled to a base station by means of a pulse 
code modulation (PCM) link, wherein the switch 
means includes formatting means for generating 

a PCM frame from a plurality of user data blocks, 
each corresponding to one of a plurality of users, 20 
and outputting the generated PCM frame onto 
the PCM link; and wherein the base station in- 
cludes channel encoding means for generating 
an air interface frame from a plurality of user data 
blocks contained in a PCM frame received from 25 
the PCM link, an apparatus comprising: 

in the base station, means for generating 
a timing control signal; and 

in the switch means, 

input means for receiving the timing 30 
control signal; and 

timing control means, coupled to 
the formatting means, and responsive to the tim- 
ing control signal for causing the formatting 
means to synchronize output of the generated 35 
PCM frame with generation of an air interface 
frame such that the generated PCM frame will ar- 
rive at the base station channel encoding means 
substantially just at a moment when the generat- 
ed PCM frame is needed by the channel encod- 40 
ing means in order to generate the air interface 
frame without waiting for the generated PCM 
frame. 

7. In a cellular radio system having switch means 45 
coupled to a base station by means of a pulse 
code modulation (PCM) link, a method of multi- 
plexing use of the PCM link comprising the steps 

of: 

inputting a plurality of user data blocks, so 
each of the plurality of user data blocks corre- 
sponding to one of a plurality of users, and each 
comprising an integer number of bytes of data; 

generating a PCM frame from the plurality 
of user data blocks, wherein each of the plurality 55 
of user data blocks occupies an integer number 
of consecutive bytes of the generated PCM 
frame; and 



outputting the generated PCM frame onto 
the PCM link. 

8. In a cellular radio system having switch means 
coupled to a base station by means of a pulse 
code modulation (PCM) link, wherein the switch 
means includes formatting means for generating 
a PCM frame from a plurality of user data blocks, 
each corresponding to one of a plurality of users, 
and outputting the generated PCM frame onto 
the PCM link; and wherein the base station in- 
cludes channel encoding means for generating 
an air interface frame from a plurality of user data 
blocks contained in a PCM frame received from 
the PCM link, a method of operating the cellular 
radio system comprising the steps of: 

in the base station, generating a timing 
control signal; 

in the switch means, receiving the timing 
control signal; and 

in the switch means, using the timing con- 
trol signal to cause the formatting means to syn- 
chronize output of the generated PCM frame with 
generation of an air interface frame such that the 
generated PCM frame will arrive at the base sta- 
tion channel encoding means substantially just at 
a moment when the generated PCM frame is 
needed by the channel encoding means in order 
to generate the air interface frame without wait- 
ing for the generated PCM frame. 
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